In a recent study, the differential effects of prolonged physiologically challenging 3 exercise upon two executive processes (cognitive control and working memory) have been 4 investigated. However, the impact of exercise on the selective inhibition task remained 5 debatable and needed further analysis to dissociate the effects induced by exercise intensity 6 from those induced by the time spent on task upon cognitive control outcomes. In this study 7 we propose a thorough analysis of these data, using a generalized mixed model on a trial-by-8 trial basis and a new measure of the strength of the automatic response based on reaction time 9 distribution, to disentangle the effect of physical fatigue from cognitive fatigue. Despite the 1 0 prolonged duration of exercise, no decline in cognitive performance was found in response to 1 1 physical fatigue. The only change observed over the 60-min exercise was an acceleration of 1 2 the correct trials and an increase of errors for incompatible trials. This pattern, similar in both 1 3 exercise conditions, supports the occurrence of cognitive fatigue induced by the repetition of 1 4
validated for power output ranging from 50 to 300 watts (W) at a cadence of 70-90 1 0 8 repetitions per minute (rpm) (Hopker et al., 2010) , and fitted with a facemask to measure 1 0 9 metabolic data (FitmatePro, COSMED, Miami, USA) and a heart rate monitor. Participants 1 1 0 completed an incremental cycling exercise test to exhaustion with an increase of 15 to 25 W 1 1 1 per minute and a cycling cadence ranging from 70 to 90 rpm in line with the American 1 1 2
College of Sports Medicine (Medicine, 2013) . The end of the test was determined by 1 1 3 volitional cessation of exercise or failure to maintain pedal cadence above 60 rpm despite 1 1 4 strong verbal encouragement. Maximal oxygen uptake (VO 2 max) was determined by the 1 1 5 highest 30 s average of oxygen uptake (VO 2 , measured in ml kg −1 min −1 ). The ventilatory 1 1 6 threshold was identified by agreement of the point at which a disproportionate increase in the 2-back tasks for familiarization. In order to minimize potential learning effects, additional 1 2 0 sets of the tasks were completed until there was a <5% increase in performance from the 1 2 1 previous set. The order of the experimental sessions (high or very low intensity) and presentation of 1 2 3 the tasks (flanker, 2-back or 2-back, flanker) was counterbalanced and participants were 1 2 4 alternately assigned an order upon enrolment in the study. In the experimental sessions, the 1 2 5 5 participants were seated comfortably on a cycle ergometer (SRM Trainer, SRM, Julich, Ger-1 2 6 many) which included supports for the forearms and two thumb response buttons on the right 1 2 7 and left handle grips. A computer was placed at eye level in front of the participant at a 1 2 8 distance of 80 cm. The participants then began exercise at either a workload corresponding to 1 2 9 10% above the ventilatory threshold (165 ± 44 W; high intensity condition) or at a very low 1 3 0 intensity (<30 W; low intensity condition), for 60 min. The participants performed ten blocks 1 3 1 (each lasting six minutes) consisting of the no-task (two minutes) followed by a modified 1 3 2 version of the Eriksen flanker task and 2-back task trials (each lasting two minutes, presented 1 3 3 in a counterbalanced order). Only the new data analysis strategy of the Eriksen task data is 1 3 4 reported in the following paragraphs. The task consisted of a modified version of the Eriksen task (Schmit et al., 2015) . In the trial. If participants failed to respond within 1500 ms the trial terminated, and the next trial Reaction time. The first trial of each block was disregarded as they quite often led to 1 5 7 abnormally long RT due to the adjustments made by the participants to get ready to respond 1 5 8 to the task. Decision errors and omissions were also excluded (Salthouse and Hedden, 2002).
5 9
A total of 32,223 trials (87.0%) were left for further analysis. Considering that distributions of 1 6 0 RT are positively skewed (Harald Baayen and Milin, 2010; Ratcliff, 1979) , a GLMM 1 6 1 modelled for gamma distribution (with an identity link) was used (Lo and Andrews, 2015) . A 1 6 2 random intercept effect structured by subjects was included to control for the non- between the type of trials, condition, and time were entered as fixed factors. control for order effects within the data), condition (low or high intensity), time (block 1 to 1 7 8 10) and quintile factor (from 1 to 5) were entered as fixed factors. Another statistical analysis 1 7 9 was also performed on the slope of the last segment which is routinely used to measure the three blocks performed in both exercise conditions. Specifically, we quantified the strength of 1 9 7 the automatic response by the Error Location Index (ELI), which is equal to the area under the 1 9 8 ELF curve. The ELI can be interpreted as the expectation that a uniformly drawn incorrect For all statistical models, it is important to note that while block was entered as a 2 0 7 linear covariate in Tempest et al.'s study, it was entered as a categorical factor in the present 2 0 8 models. This choice was made for two reasons. First, we believe that the additional free 2 0 9 parameters related to the inclusion of this variable as a categorical factor is not a problem 2 1 0 considering the greater number of trials. In addition, entering a variable as a covariate 2 1 1 assumes that the effect is linear and constant over time. However, our hypotheses related to 2 1 2 fatigue suggests that the effects should be localized in the last blocks. All statistics were 2 1 3 performed using SPSS (version 23, IBM statistics, Armonk, NY, USA). Significant main and 2 1 4 interaction effects were reported (p<.05) and followed-up using Sidak-adjusted multiple 2 1 5 comparisons tests. To report descriptive statistics, we provided the means ± standard errors 2 1 6 estimated by the models to represent the effect of interest after controlling for other factors 2 1 7 and covariates. The GLMM revealed a significant compatibility effect [F(32461, 1)=2152.312, [F (32461, 9) =8.13, p<.001], indicating slower RT in the first two blocks than in the 2 2 7 following blocks (block 1 was significantly different from block 3, 4, 5, 6, 7, 8, 9 , and 10 and 2 2 8 block 2 was significantly different from block 6, 7, 9, and 10). In addition a significant 2 2 9 interaction between block and condition was found [F(32461, 1)=2152.31, p<.001], 2 3 0 indicating that the two exercise conditions were only significantly different at block 2, 3, 4, 6, 2 3 1 7, 8, 9 and 10 ( Figure 1 ). Neither the interaction between block and compatibility [F(32461, 2 3 2 9)= 0.48, p = .89], nor the interaction between condition and compatibility [F(32461, 1)= 2 3 3 1.09, p =.30] or between these three factors [F(32461, 9) = 0.47, p = .89] were significant. between the low and high condition. indicating a linear increase of the number of errors within a block (coefficient=.002). A 2 4 3 significant effect of block was also found [F(36079, 9) =3.17, p=.001] indicating that the 2 4 4 number of errors were significantly larger in block 9 than in the block 2, 3, and 4. A 2 4 5 compatibility effect was found [F(36079, 1)=1615.09, p<.001] with more errors for IN 2 4 6 (15.5±2.5%) than for CO (2.7±0.5% of errors) trials. A condition effect was found [F(36079, 2 4 7 1)=28.49, p<.001] with more errors in the high (7.5±1.3%) than low (5.9±1.1% of errors) 2 4 8 exercise conditions. An interaction between compatibility and block was also found [F(36079, 2 4 9 1)=3.23, p<.001], indicating that while accuracy did not evolve over time for CO trials, it led 2 5 0 to an overall increase of errors over time for IN trials. For the IN trials, block 1 was 2 5 1 significantly different from block 5, 6, 9, and 10; block 2 was significantly different from 2 5 2 block 5, 9, and 10; and block 3 and 4 were significantly different from block 9 and 10 (see Figure 2 ). Neither the interaction between condition and block [F(36079, 9) =0.73, p=.68], nor 2 5 4 the interaction between condition and compatibility [F(36079, 1)=0. 38, p=.54] or between
